The ability to tolerate infection is a key component of host defence and offers potential novel 18 therapeutic approaches for infectious diseases. To yield successful targets for therapeutic 19 intervention, it is important that the analytical tools employed to measure disease tolerance 20 are able to capture distinct host responses to infection. Here, we show that commonly used 21 methods that estimate tolerance as a linear relationship may be inadequate, and that more 22 flexible, non-linear estimates of this relationship may reveal variation in distinct components 23 of host defence. To illustrate this, we measured the survival of Drosophila melanogaster 24 carrying either a functional or non-functional regulator of the JAK-STAT immune pathway 25 (G9a) when challenged with a range of concentrations of Drosophila C Virus (DCV). While 26 classical linear model analyses indicated that G9a affected tolerance only in females, a more 27
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by 70-fold between G9a +/+ and G9a -/in females (p<0.0001) while we detected a ten-fold 160 difference in males (p<0.0001) (Fig 3e) . We did not find any difference between G9a +/+ and 161 G9a -/in the severity of infection (Table 4 , Fig 3f) . Our results therefore show that G9a 162 regulates the sensitivity to infection, accelerating the onset of infection-associated mortality 163 when it is dysfunctional, without causing substantial effects on the disease severity ultimately 164 experienced by infected flies. The differences between G9a -/males and females in the sensitivity to increasing viral loads 168 ( Fig 3E) prompted us to investigate if this may be due to sex-specific regulation of fly 169 immunity by G9a. As G9a is know to be an epigenetic regulator of the JAK-STAT pathway, 170 we measured the expression of JAK-STAT pathway genes in flies receiving the highest viral 171 concentration, 5 days following DCV infection (the same day on which viral loads were 172 quantified). Compared to flies with a functional G9a, G9a -/mutants showed a significant 173 increase in the expressi on of the JAK-STAT ligand upd3, and this effect was stronger in Table 5 ). Males showed generally higher expression of the JAK-STAT 175 receptor domeless, although this effect was independent of G9a status (Fig 4; Table 5 ). G9a -/-176 flies also showed significantly higher expression of the negative regulator of JAK-STAT, 177 socs36E, but this effect did not differ between males and females. Finally, we found no effect 178 of either sex or G9a on the expression or turandotA (totA), which is commonly expressed in 179 response to stress. 
Discussion
Targeting mechanisms that promote greater tolerance of infection is a promising addition to 183 our current arsenal of strategies to fight infection [3, [6] [7] [8] . However, if this is to be a 184 successful undertaking, it is crucial that the analytical tools we use to measure tolerance are 185 able to capture distinct host responses during infection. A major aim of this study was to 186 evaluate two analytical methods to measure tolerance (linear reaction norms and non-linear 187 curves), in order to assess the benefit and limitations of each approach. increased mortality due to immunopathology caused by excessive expression of these 256 downstream genes [16] . Notably, G9a, domeless and its ligands upd1, upd2 and upd3 are all 257 found on the X-chromosome in Drosophila [46, 47] . We hypothesised that these X-linked 258 regulators of fly innate immunity could underlie the sexually dimorphic tolerance response 259 we observed. However, while we detected sex differences in the expression of domeless (Fig   260   4 ), these effects were not a consequence of G9a function. Instead we found the largest sex-261 specific effect on the expression of the upd3 (Fig 4) . Previous work had shown that upd3 262 expression is higher G9a -/flies, resulting in immunopathology [16] . Our work shows that 263 these effects differ between sexes and are especially strong in males.
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In summary, we show that G9a mediates tolerance during infection with DCV over a large 266 range of viral doses and that this response differs between males and females. Our study 267 therefore places emphasis on the importance of incorporating both males and females in 268 studies of immunity. Our results also stress that conclusions about disease tolerance will vary 269 according to the method used to estimate the relationship between host health and pathogen 270 burdens. We suggest that a combination of linear and non-linear models is ideal to achieve 271 estimates of the rate of decline in health following infection but also of subtler components of To set up the experiment, we collected eggs from 15 males and 15 females of each line, kept 290 in vials containing 6mL Lewis medium supplemented with dry yeast to encourage egg laying. 291 We set up ten replicate vials per genotype. Flies were left to oviposit in the vials for 24 hours 292 before being removed and allowing eggs to develop under standard rearing conditions. To 
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